The objective of this study was to describe the characteristics of neonatal and pediatric intensive care units (ICU) 
Introduction
Neonatal and pediatric intensive care units (ICU) emerged in the late 1960s and have been developing steadily over the past 40 years, contributing significantly to health care improvements and to a reduction in intra-hospital child mortality 1, 2, 3, 4 . In Brazil, although there was a significant increase in the number of these units and beds available, this growth has occurred without adequate strategic planning. The result, long perceived by users of the system, begins to be clearly evidenced: there is no equity in the distribution of beds, with national and regional inequalities; access is limited, penalizing almost always the poorest segments of the population, and the quality of services varies, ranging from highly sophisticated in some units to others without the minimum required structure 5, 6, 7 . There has been a major effort to identify and correct these distortions: the National Agency for Sanitary Surveillance (Agência Nacional de Vigilância Sanitária -ANVISA) published official guidelines for the establishment and operation of these units 8, 9 , and the Brazilian Association of Critical Care Medicine (Associação de Medicina Intensiva Brasileira -AMIB) implemented the Census of Brazilian ICUs, a project aimed at improving knowledge of the available structure of ICUs in the country 10, 11 . In spite of these efforts, there is still a lack of studies evaluating equity in access to these units, and especially the quality of care they provide. In 1997, we conducted a study analyzing the distribution of neonatal and pediatric ICU beds in the Rio de Janeiro State 5 . In 2007, we conducted the present study, with similar objectives: (i) to identify the neonatal and pediatric ICUs operating in the state, and the number of active beds, according to geographic region (health regions), public or private status, and type of care (neonatal, pediatric or mixed), comparing supply with demand; (ii) to compare equity in access to neonatal and pediatric ICUs in 1997 and 2007; and (iii) to develop proposals to improve assessments of this specialized area of health care.
Methods
We studied the neonatal and pediatric ICUs in the State of Rio de Janeiro during two periods (July 1997 to June 1998 in the previous study, and October 2006 and (e) the Association of Hospitals of the City and the State of Rio de Janeiro. After comparing all the lists, a consolidated one was finally generated, excluding those which were temporarily disabled or not functioning. The ICUs were then classified according to the type of care in: neonatal (age of admission from zero to 28 days), pediatric (age of admission from 28 days to 14 years old), and mixed (both neonates and children could be admitted), and also according to the type of financial support as: public (costs were supported by the Brazilian Unified National Health System -SUS) or private (costs were supported by patients or by the Supplementary Health System). The ICUs were then distributed by geographic mesoregions and health regions in the State of Rio de Janeiro, according to, respectively, the definitions of the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística -IBGE. http://mapas.ibge.gov.br/divisao/viewer. htm, accessed on 14/Jan/2010), and the National Health Foundation (Fundação Nacional de Saúde -FUNASA. http:www.funasa.gov.br, accessed on 14/Jun/2010).
The need for intensive care beds was calculated according to the proposition of the Brazilian Ministry of Health (Ministério da Saúde) 12 , as follows: a) for neonatal beds, it took into account the number of births, the percentage of newborns admitted to neonatal intensive care and the average length of stay in these units, by applying the following formula: Needed neonatal-ICU beds = (live births x % of admissions to ICU/number of days in the period) x average length of stay b) for pediatric beds, it took into account the number of hospital admissions in the general population, the percentage of pediatric admissions, the percentage of admissions to Pediatric ICUs and the average length of stay (ALS) in these units, by applying the following formula: Needed pediatric-ICU beds = (number of hospital pediatric admissions x % admissions to ICU/number of days in the period) x average length of stay Access was defined as the capacity of being admitted to an ICU, depending on its public or private nature and also on the geographic distance to be covered. In public sector units, access was considered universal and free of charge, and in private ones, access was limited by the need to cover the cost of care from its own resources or, more commonly, from private health insurance coverage. Access to intensive care and its meeting of population needs were investigated by comparing the observed and expected number of beds, taking into account their public or private nature, and the geographical distribution of the population, according to population counts in 1996 and 2007 (Fundação Centro de Informações e Dados do Rio de Janeiro. http://www.cide.rj.gov.br/down load/RiodeJaneiroemDados.pdf, accessed on 14/ Jun/2010). The number of people with access to private services was considered as 25% and 32% of the total population of the Rio de Janeiro State in 1997 and 2007, respectively, according to data from the Brazilian National Agency for Supplementary Health (Agência Nacional de Saúde Suplementar. Taxa de cobertura de serviços. http://www.ans. org.br, accessed on 14/Jun/2010). For the purpose of this study, equity in access was defined as the absence of systematic disparities in the access to neonatal and pediatric intensive care between groups with different levels of underlying socioeconomic status 13, 14 .
This study was approved by the Ethics Research Committee at the Martagão Gesteira Institute for Child Care and Pediatrics, of the Rio de Janeiro Federal University (Instituto de Puericultura e Pediatria Martagão Gesteira, Universidade Federal do Rio de Janeiro -IPPMG/UFRJ). The ICUs and hospitals enrolled were characterized by random numbers and their identities were not revealed.
Results
Eighty neonatal and pediatric ICUs were identified throughout the state in 1997, and six were excluded for being temporarily out of operation, leaving 74 units in the study. In 2007, 103 were identified and eight were excluded (for similar reasons), leaving 95 units. The regional distribution, compared with the population between zero and 14 years, number of live births per year, public or private nature, type of treatment and total number of beds in both periods is summarized in Table 1 . The relationship between the total number of beds and the number of children between 0-14 years old, by geographical health region, is presented in Table 2 .
The distribution of beds between public and private, respectively, were 616 (57%) and 464 (43%) in 1997 and 639 (58.4%) and 455 (41.6%) in 2007. Moreover, the distribution of beds between neonatal, pediatric and in mixed ICUs corresponded respectively to 557 (51.6%), 150 (13. The need for pediatric ICU beds was estimated applying the equation described, based on the following assumptions: (i) the number of public pediatric hospitalizations in Rio de Janeiro was 124,284 in 1997 and 94,294 in 2007, according to data obtained from Health Informatics Department (Departamento de Informática do SUS -DATASUS. http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sih/ cnv/rxrj.def, accessed on 14/Jun/2010) and the number of pediatric hospitalizations from the supplementary private health system (considering 25% and 32% of the population in 1997 and in 2007), was 165,712 in 1967 and 138,667 in 2007; (ii) the recommendation of the Ministry of Health that the number of intensive care beds should be 6% of the general pediatric hospital beds 15 ; and (iii) the average length of stay of eight days 5 . Results showed that 218 beds were needed in 1997 and 182 beds in 2007 (Table 4 ). The same methodology was used to calculate the number of needed neonatal and pediatric ICU beds in each health region in both periods (Tables 5 and 6 ).
Discussion
The need for neonatal beds is usually defined as one intensive and three intermediary care beds for every 1,000 births per year 16 , therefore a total of four neonatal intensive care unit beds for every 1,000 live births per year. This criterion, in fact, depends on the frequency of premature and high risk births, with large differences between countries, between regions within a country and even between institutions within the same region. While in high-income countries, for example, the rate of newborns with low birth weight (< 2,500g) is on average 7%, in middle-income countries it is 15% and in low-income countries 17%. In Brazil, it is currently 8% on average 17 and 8.9% in the Rio de Janeiro State 18 . However, not all newborns with low birth weight require intensive care. In the present study we considered 7% as the percentage of births that would need admission to neonatal intensive care unit and 20 days the average length of stay, based on findings of our previous study 5 . Applying these data we estimated the need for neonatal ICU beds in 1997 to be 1,032 and 833 in 2007, a ratio of 3.2 for every 1,000 births per year in 1997 and 3,8:1,000 in 2007, which confirmed the need for neonatal intensive care beds (intensive and intermediary) to be 3 to 4 per 1,000 live births per year (in this study we considered together intensive and intermediary care beds). Regarding the need for pediatric intensive care beds, there is still no conclusive study, but the Ministry of Health recommends that 4 to 10% of pediatric hospital beds be allocated to intensive care 15 .
We observed a significant and meaningful reduction of inequity in relation to the supply and distribution of ICU beds in neonatal and pediatric units between 1997 and 2007 in the state of Rio de Janeiro. This reduction, however, was not uniform and presents particular characteristics that should be considered in the formulation of health policies for this area. The total number of active beds was similar in both periods (1,080 in 1997 and 1,094 in 2007), despite population growth. However, there was a decrease in inequity, with a reduction of beds in the metropolitan area (1,001 to 876; 12.5% less) and a greater availability of beds in inner parts of the state (79 to 218; up 175%). It is worth mentioning that the reduction of beds in the metropolitan area did not result in inequity in this region, since the number of existing beds is still higher than needed, both in neonatal and pediatric ICUs. Indeed, in the metropolitan area, a 30% increase was observed in the number of pediatric ICUs with a reduction in the number of mixed units, and an increase of only 7% in the number of neonatal ICUs, which contributed to correct inequities, previously recorded.
Also, in the inner regions of the state, in 2007 all health regions had ICU beds, which did not occur in 1997. The health regions of Ilha Grande Bay, Central-South and Northwest, where there were no neonatal or pediatric ICU beds in 1997, now have an offer that is still far from ideal, but shows a significant improvement. In Ilha Grande Bay and the Central-South regions, for pediatric and neonatal beds there is still a deficit of 57% and 75% respectively. In the Northwest region, the available beds cover only 44% of neonatal and 28% of care beds compared to 1997, and supply is now at an adequate level. However, despite doubling the number of neonatal beds, it still shows a deficit of 39% in this area. Finally, the Coastal Lowlands region continues with the same deficit of 50% of pediatric intensive care beds, although the availability of neonatal beds increased by 130%. These figures are still insufficient to meet the demand of the population, with an estimated deficit of 62%. includes an additional ten births from an unknown region; ** Taking into account that 80% of beds in the mixed ICU, are neonatal. In summary, considering the adequacy of the total number of beds using the ratio of existing and required pediatric and neonatal intensive care beds, there was found to be a significant increase when comparing 1997 with 2007. While this relationship for neonatal beds was negative in 1997 (-17%), and became positive in 2007 (+3.2%), for pediatric beds, it was already positive in 1997 (+2.5%), and became even greater (+32%) in 2007.
The distribution of beds remained almost the same in the metropolitan area (58% private vs. 42% public), comparing 1997 to 2007. However, in the inner regions (all other regions, excluding the metropolitan area), the increase in beds occurred mainly in the public sector, an increase of 300% in the period, from 34 to 142 beds; while in the private sector the increase was about 70%, from 45 to 76 beds, clearly demonstrating a reduction in inequity both in distribution and in access to resources in the inner regions of the state. It is worth noting that, although there is still a significant difference regarding the availability of public and private beds in the metropolitan area, even considering the increase in the population with access to the supplementary private health system (from 25 to 32% in ten years) there is still a deficit in public beds (58% offer for 68% of the population), and an excess in the private sector (42% of beds for 32% of the population). In inner regions there was an improvement in equity, with 65% of public beds and 35% of private beds. At first sight, working with the average percentage of coverage for the entire state (32%), these numbers seem appropriate. However, taking into account that this percentage of coverage differs between regions (45% in the metropolitan area and 15% in the inner regions) 19 , one realizes that there is also inequity to access to these specialized beds in the interior of the state, with a relatively higher deficit of public beds compared with the metropolitan area.
To improve equity, it is still necessary to invest in more neonatal and pediatric intensive care beds for public access in all health regions of the state. We estimated as 10% deficit in the metropolitan area and as 20 % shortage in the inner regions still to be overcome. We propose, therefore, an increase of 280 neonatal and 52 pediatric public ICU beds for the Rio de Janeiro State ( Table 7) .
The development of regional admission centers for the regulation of access to neonatal and pediatric intensive care beds could facilitate decisions on admissions and resources use. If this is coupled with an efficient transport system, as is the case in many parts of the world, it certainly could optimize the use of available resources. Moreover, given the notorious lack of skilled labor to work in these units, an alternative to the creation of new beds in distant regions would be to invest in larger units (30-40 beds) in the state capital, mainly at university or tertiary large hospitals in order to concentrate available resources and harness the expertise of the teams in dealing with this type of patient. Also, the centralization of care reduces the risk of having inner units in the state, with few patients, a recognized factor the at increases morbidity and mortality in intensive care, in face of less expertise accumulated by ICU teams 20, 21, 22 . This alternative, which is already adopted in many countries, reinforces the need to invest in an efficient referral system for transferring more severe patients to tertiary centers in the metropolitan area 23, 24 .
Although in both periods we included most active ICUs, one limitation of the present study was that those ICUs that were disabled or temporarily closed were not included during data collection. We believe, however, that this fact does not change substantially the results nor alter the trends we have found.
Conclusions
This study contributes to a better understanding of the current situation of pediatric and neonatal intensive care beds in the Rio de Janeiro State, and presents a dynamic view of the inequities in this area in a more extended period. It can be concluded that there was a reduction in inequity over ten years, although investments are still necessary in the public sector to increase the availability of beds and improve access to this specialized care. Our results may contribute to the formulation of more effective and efficient health policies for improving equity in this area. Table 7 Suggested increase in the number of neonatal and pediatric intensive care beds for public access.
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